We present grain size, granulometric statistical parameters, and calcium carbonate content of sediment samples from the summit and east and west flanks of southern Hydrate Ridge (Sites 1244-1250). These data are compared with magnetic susceptibility measurements from the same intervals. Bulk and clay mineralogy from Sites 1244 (east flank), 1247 (west flank), and 1250 (summit) are also presented. The integration of these data allows us to characterize the main sedimentary facies and composition of the Quaternary age sediments from southern Hydrate Ridge.
INTRODUCTION
Hydrate Ridge is a structural high located in the accretionary complex of the Cascadia subduction zone, offshore Oregon (USA) (Fig. F1A) , where gas hydrates were recovered from the seafloor (e.g., Suess et al., 2001 ) and a ubiquitous bottom-simulating reflector (BSR) suggests widespread distribution of gas hydrates (Tréhu et al., 1999) . During Ocean Drilling Program (ODP) Leg 204, nine sites were drilled on southern Hydrate Ridge (Tréhu, Bohrmann, Rack, Torres, et al., 2003; Tréhu et al., 2004b) (Fig. F1B) . High-resolution three-dimensional mul- 
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tichannel seismic (MCS) reflection data from southern Hydrate Ridge (Tréhu et al., 2002) were available during Leg 204, illustrating the stratigraphic and structural complexity of the ridge as well as the relationship between subsurface reflectors and summit vents (Fig. F2) . The BSR, which is commonly interpreted to result from free gas underlying gas hydrate at the base of the gas hydrate stability zone, is observed in almost all seismic profiles. Other seismic reflectors with high amplitude, reflectivity, and good lateral continuation are referred to as Horizons A, B, B′, X, and Y (Tréhu, Bohrmann, Rack, Torres, et al., 2003) (Fig. F2) . They were drilled and sampled during Leg 204 in order to investigate their nature and role in methane migration and gas hydrate formation. Horizon A corresponds to a 2-to 4-m-thick interval composed of multiple volcanic glass-bearing sediments and ash sequences (Shipboard Scientific Party, 2003a ) and has been suggested as a conduit feeding gas from deep accretionary complex sediments to the surface vents and gas hydrate deposits (Torres et al., 2004; Tréhu et al., 2004a) . Horizons B and B′ are pervasively faulted and located at the east flank of southern Hydrate Ridge (Fig. F2A) . Horizon B is composed of multiple turbidites clustered into two 2-m-thick intervals. Horizon B′ is characterized by silt layers containing volcanic glass and ash (Shipboard Scientific Party, 2003a) . Horizons X and Y do not seem to correlate with any apparent lithological change. Five lithostratigraphic units (Units I-V), ranging in age from early Pleistocene to Holocene (Tréhu, Bohrmann, Rack, Torres, et al., 2003) , were defined on board and are also depicted on Figure F2 .
Here we present results of grain size and carbonate content from seven Hydrate Ridge sites grouped into three environments: (1) summit, where active seafloor venting occurs (Sites 1249 and 1250); (2) east flank (Sites 1244 and 1246), characterized by the presence of Horizons B and B′; and (3) west flank (Sites 1245 (Sites , 1247 (Sites , and 1248 , crossed by Horizons A and Y (Figs. F1, F2 ). Bulk and clay mineralogy were also obtained in these three environments at Sites 1244, 1247, and 1250. These new data allow us to define sediment texture and characterize the lithofacies and composition of southern Hydrate Ridge sediments in order to reconstruct sediment provenance and depositional environments. Furthermore, we will try to define a possible relationship between sedimentary texture and composition with the presence of gas hydrates. Analytical data presented here are depicted in Figures F3, F4 , and F5 and compiled in Tables T1 and T2 . Further data interpretation and discussions will be presented elsewhere (Piñero et al., 2004) .
METHODS
Textural analysis and bulk and clay mineralogy were run with systematic sampling frequency of two samples per core except when crossing specific layers (e.g., Horizons A, B, and B′ and the BSR) defined on the three-dimensional MCS profiles (Tréhu et al., 2002; Tréhu, Bohrmann, Rack, Torres, et al., 2003) . These intervals of interest were sampled at a rate of one sample per section. We collected samples (10-cm 3 tubes) for sedimentology and geochemistry analyses and for rock magnetic measurements (7-cm 3 cubes) (Gràcia et al., 2003 ; Larrasoaña et al., this volume) from the same stratigraphic intervals so that the data are directly comparable.
Grain-size analyses were performed using a settling tube for the coarse-grained (>50 µm) fraction (Gibbs, 1974) and SediGraph 5100 for (Micromeritics, 1978) . The division at 50 µm instead of 63 µm was established in order to have enough sediment samples for the settling tube, since a correct measurement requires a minimum 0.2 g of material. Although measured separately for each sample, sediment fractions were integrated in a single textural distribution using specific software. The SediGraph method determines the size distribution of particles as a function of the attenuation of an X-ray beam that crosses a transparent cell containing the samples in a dispersant suspension. The X-ray absorption is then converted into weight percentage of grain size on the basis of the sedimentation principle (Stoke's law of particles settling). This technique provides a rapid and accurate method (instrumental error = <1%) for grain-size analyses (e.g., Stein, 1985; Bianchi et al., 1999) . We used the SediGraph because it is capable of sensing the total amount of material present and gives the whole size spectrum with satisfactory resolution >1 µm. The grain-size distribution can provide information on particle size availability in the depositional system and on the type and competency of the processes operating in the system. Textural statistical parameters, such as mean size, standard deviation (sorting), kurtosis (peakness of the curve), and skewness (symmetry of the curve) are sensitive to environmental processes (e.g., Camerlenghi et al., 1995) . Statistical parameters were calculated using the method of moments (McManus, 1988) on sample populations containing one-half φ-interval classes in all fractions. The Swan et al. (1979) sediment sorting classes were applied as follows: 0.5φ-0.8φ for well-sorted sediments, 0.8φ-1.4φ for moderately sorted sediments, 1.4φ-2φ for poorly sorted sediments, and 2φ-2.6φ for very poorly sorted sediments. Sand fraction and very coarse silt components (>50 µm) were identified using a binocular microscope, and relative abundances of components were estimated by counting a minimum of 300 grains per sample. We identified the following components: biogenic fraction (pelagic and benthic foraminifers, radiolarians, sponge spicules, etc.), light minerals (quartz, mica, and feldspar), heavy minerals, rock fragments, and diagenetic minerals (i.e., pyrite). Calcium carbonate content was determined using a Bernard calcimeter by the acid leaching method (Milliman, 1974) .
Magnetic susceptibility was measured at the paleomagnetic laboratory of the Institute of Earth Sciences "Jaume Almera" (CSIC-UB) in Barcelona (Spain) (see Larrasoaña et al., this volume). The low-field magnetic susceptibility was measured with a KLY-2 susceptibility bridge using a field of 0.1 mT at a frequency of 470 Hz and was normalized by the dry weight of the samples.
Bulk and clay mineral compositions were obtained by X-ray diffraction (XRD). For bulk mineralogy, the samples were air dried, ground in an agate mortar, and packed into Al sample holders for XRD analyses. For clay mineral analyses, the carbonate fraction was removed using acetic acid. Clays were deflocculated by successive washing with demineralized water after carbonate removal. The <2-µm fraction was separated by centrifuge at 900 rpm for 1.3 min, and the clay fraction was smeared onto glass slides. Separation of the clay fraction and preparation of the bulk samples for XRD analyses were performed following the international recommendations compiled by Kisch (1991) .
X-ray diffractograms were obtained using a Philips PW 1710 diffractometer with CuK α radiation and an automatic slit. Scans were run from 2° to 64°2θ for bulk sample diffractograms and untreated clay preparations and from 2° to 30°2θ for glycolated clay fraction samples. Diffractogram interpretations and semiquantitative analyses were performed T1. Summary of grain-size results, p. 17.
T2.
Summary of bulk and clay mineralogy, p. 18.
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considering the integrated peak area using specific software (Xpowder, www.xpowder.com). The clay mineral proportion was estimated from the glycolated diffractogram. The 10-Å peak was used for illite, and the 7-Å peak was used for the total amount of chlorite and kaolinite, using the peak ratios at 3.54 Å and 3.58 Å, respectively, to differentiate these minerals. The 17-Å peak was used for smectites. The area between the illite peak at 10 Å and the smectite peak at 17 Å, which corresponds to the illite-smectite mixed layers, was not estimated because the peaks were usually masked by the smectite and illite peaks. The estimated semiquantitative analysis error for bulk mineralogy absolute values is 5%. In the case of clay mineralogy, the estimated semiquantitative analysis error ranges from 5% to 10%.
RESULTS

Summit of Southern Hydrate Ridge
Two sites were drilled at the summit of southern Hydrate Ridge. Site 1249 (778 m water depth), located on the summit, is characterized by massive gas hydrate deposits at the seafloor and methane venting into the water column (e.g., Suess et al., 2001) . Site 1250 (792 m water depth) is located 100 m west of the summit and 100 m east of a highly reflective active carbonate chemoherm mound (Suess et al., 2001; Johnson et al., 2003) known as the Pinnacle (Figs. F1, F2B) .
The uppermost 59.3 meters below seafloor (mbsf) of Hole 1249C and the uppermost 43.75 mbsf of Hole 1250C, corresponding to lithostratigraphic Units I and II (undifferentiated at Site 1249), are dominated by fine-grained silty clays to clays (mean size = 8.5φ) (Fig. F3) . Relatively high values of calcium carbonate (11 wt% in Sample 204-1249C-4H-2, 6-8 cm [15.4 mbsf] and 9.5 wt% in Sample 204-1250C-4H-5, 50-52 cm [29.61 mbsf]) characterize these units and are probably associated with the presence of authigenic carbonates. Mousselike and soupy textures, related to gas hydrate dissociation, are abundant throughout Units I and II, especially at Site 1249, where the highest concentration of gas hydrates was encountered (Shipboard Scientific Party, 2003a) . Large negative values of skewness were found in Samples 204-1249C-8H-2, 50-52 cm and 8H-4, 60-62 cm (46.51 and 49.55 mbsf, respectively), where as much as 2.24% of gravel sized sediments (iron sulfide nodules identified by scanning electron microscope) have been identified in a relatively fine grained matrix (>62% clay) (Fig. F3A) .
Lithostratigraphic Unit III is characterized by the presence of gravitydriven deposits (i.e., turbidites and debris flows) interbedded with clays and silty clays (Fig. F3) . A 13.5-m-thick clay clast dispersed in a muddy matrix debris flow disrupts toward the middle of this unit from 86.5 to 100 mbsf in Hole 1250C, with a texture of 1.09% sand, 37.68% silt, and 61.22% clay. The mean size of the matrix is 8.59φ (Sample 204-1250C-11H-5, 49-51 cm; 88.51 mbsf). Turbidite layers are mainly dominated by the silt fraction (mean size = 7.4φ), such as Sample 204-1250C-8H5, 50-52 cm (68.01 mbsf) with a grain-size distribution of 8% sand, 53.4% silt, and 38.6% clay. A turbidite base with 15.97% sand, 39.11% silt, and 44.92% clay (mean size = 7.48φ) was sampled at 204-1250C-17H-2, 50-52 cm (134 mbsf) (Fig. F3B) . Turbidite samples are associated with moderate positive peaks (<28 × 10 -8 m 3 /kg) in the magnetic susceptibility record (Fig. F3A, F3B) . The highest value of magnetic susceptibility in Hole 1249C (39 × 10 -8 m 3 /kg) corresponds to a hemipelagic sample E. GRÀCIA ET AL. DATA REPORT: SEDIMENT GRAIN-SIZE AND MINERALOLOGY, SITES 1244-1250 5
(204-1249C-13H-2, 50-52 cm; 86.01 mbsf) characterized by finegrained texture (0.5% sand, 36.88% silt, and 62.6% clay) and collected from an interval containing abundant sulfide stains and gas-rich sediments (Fig. F3A) . These data support the results presented by Larrasoaña et al. (this volume) on the relationship between rock magnetic properties of sulfides and presence of gas and hydrates. Similar data are obtained from Hole 1250C, where Sample 204-1250C-15H-5, 50-52 cm, located below the BSR (126.57 mbsf), shows the largest value in magnetic susceptibility (52 × 10 -8 m 3 /kg) with a silty clay texture (3.03% sand, 42.29% silt, and 54.67% clay) (Fig. F3B) . No samples of Horizon A were available from Hole 1250C. Bulk and clay mineral composition in Hole 1250C (Fig. F3C) revealed that the main mineral components at the summit of southern Hydrate Ridge are clays (30%-55%), quartz (25%-35%), and feldspars (15%-20%), with a minor amount of calcite (usually <5%) except for some carbonate-rich intervals at 16-20 mbsf corresponding to the uppermost sampled level and in the sediments above the BSR (~97 mbsf). The most abundant mineral observed in the clay association is detrital mica (35%-50%), whereas smectites, kaolinite, and chlorite are less abundant (Fig. F3C) . Smectite content ranges from 10% to 30%, slightly lower in Unit II with respect to Unit III. The smectite content increases in Unit III close to Horizon A (140-145 mbsf) and corresponds with a decrease in detrital mica content.
East Flank of Southern Hydrate Ridge
Two sites were drilled at the east flank of southern Hydrate Ridge. Site 1244 (890 m water depth) is located ~3 km northeast of the summit, and Site 1246 (850 m water depth), near the crest, is located ~3 km north of the summit (Figs. F1, F2A) . Only lithostratigraphic Units I and II were recovered from Hole 1244E, cored to 136 mbsf (Fig. F4) , from where our samples were obtained.
Lithostratigraphic Unit I (0-77.6 mbsf in Hole 1244E and 0-21.7 mbsf in Hole 1246B) is dominated by dark greenish gray clay with occasional silty clay layers with a mean size of 8.45φ. The uppermost 20 mbsf of Unit I is characterized by a relatively high content of calcium carbonate showing peaks of 11 wt% in Hole 1244E at 2.57 mbsf (Sample 204-1244E-1H-2, 106-108 cm) and as much as 25 wt% in Hole 1246B at 3.51 mbsf (Sample 204-1246B-1H-3, 50-52 cm) (Fig. F4) that corresponds to near-surface authigenic carbonates. A large positive peak in magnetic susceptibility (up to 105 × 10 -8 m 3 /kg) is observed in Sample 204-1244E-4H-1, 50-52 cm (20.71 mbsf) and also in samples from Sections 204-1244E-4H-2 and 4H-3. High magnetic susceptibility values within this 3-m-thick interval do not seem to be associated with any evident textural change but are related to a compositional change (Fig.  F4A) . A fine-grained turbidite layer in Sample 204-1244E-7H-CC, 36-38 cm (50.83 mbsf) (0.54% sand, 49.61% silt, and 49.85% clay; mean size = 8.24φ) corresponds to a small positive peak of magnetic susceptibility (30 × 10 -8 m 3 /kg) (Fig. F4A) .
Lithostratigraphic Unit II presents a grain-size distribution similar to Unit I except when crossing specific horizons. Hole 1246B Horizon B (from 54.1 to 65.22 mbsf) is characterized by the two largest peaks of the entire magnetic susceptibility data set (Fig. F4B) . The younger peak, located at 55.6 mbsf, reaches values of 132 × 10 -8 m 3 /kg and corresponds to a clayey silt turbidite composed of 0.1% sand, 52% silt, and 47% clay with a mean size of 8φ (Sample 204-1246B-7H-3, 51-53 cm).
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The older peak, located at 65.2 mbsf, has a higher magnetic susceptibility of 172 × 10 -8 m 3 /kg and corresponds to a silty clay interval composed of 0.47% sand, 42.21% silt, and 57.33% clay (Sample 204-1246B-8H-3, 51-53 cm) (Fig. F4B) . This latter event is located just above an infrared thermal anomaly of -4ºC (IR185) where gas hydrates were sampled (Shipboard Scientific Party, 2003a) . Horizon B′, between 88 and 95 mbsf, is composed of two volcanic glass-bearing layers (Shipboard Scientific Party, 2003b). The upper layer (Sample 204-1246B-11H-1, 50-52 cm; 90.71 mbsf) is characterized by a textural distribution of 7.98% sand, 41.85% silt, and 50.17% clay with a mean size of 7.95φ and standard deviation of 2.4φ (Fig. F4B) . XRD data from Hole 1244E (Fig. F4C) show a mineral composition similar to the sediments recovered from the summit sites. The main mineral components are clays, quartz, feldspars, and calcite. The clay content ranges from 35% to 60%, quartz from 20% to 40%, and feldspars from 10% to 25%. Calcite content is below 5% through most of the sampled interval except for the samples located near the surface and above the BSR, where a significant increase likely related to fluid circulation and precipitation of authigenic carbonates is recognized. The clay mineral assemblage is also dominated by detrital mica (usually ranging from 30% to 60%), smectite (5%-30%), kaolinite (15%-30%), and chlorite (10%-30%) (Fig. F4C) . Chlorite is relatively more abundant in Unit I than in Unit II, whereas kaolinite presents an opposite trend. Below the BSR and in the upper part of the site, a slight increase in smectite content corresponds to a decrease in the detrital mica values.
West Flank of Southern Hydrate Ridge
Three sites were drilled along the west flank of southern Hydrate Ridge following a north-south transect (Figs. F1, F2C ). Site 1245 (870 m water depth) is located ~3 km northwest of the summit. Site 1247 (845 m water depth) is located ~800 m northwest of the summit. Site 1248 (830 m water depth) is located 300 m northwest of the summit (Fig. F1) in the middle of an area characterized by high backscatter and interpreted as related to the presence of authigenic carbonate resulting from fluid seafloor venting (Johnson et al., 2003) (Fig. F2C) .
Lithostratigraphic Units I and II are undifferentiated at Site 1248 and are mainly composed of fine-grained silty clays (mean size = 8.28φ). Soupy and mousselike facies induced by gas hydrate dissociation are common above the BSR at Site 1248, located very close to the summit of Hydrate Ridge (Shipboard Scientific Party, 2003d) (Fig. F5C) . At 33.39 mbsf, a large peak in the magnetic susceptibility record (>140 × 10 -8 m 3 / kg) corresponds to a 10-cm-long sulfide vein oblique to the stratification in a silty clay sediment composed of 2.38% sand, 36.93% silt, and 60.68% clay (Sample 204-1247B-5H-6, 128-130 cm) (Fig. F5B) . Thin sand-silt turbidite layers are locally observed. One of these was sampled at 45.67 mbsf (Sample 204-1247B-7H-2, 61-63 cm) and contains 30.37% sand, 32.41% silt, and 37.22% clay with a mean size of 6.67φ. Seismic Horizon Y marks the boundary between Unit II and Subunit IIIA but does not seem to correspond to any major textural change, although a peak in the magnetic susceptibility data (47 × 10 -8 m 3 /kg) is measured for Sample 204-1245B-9H-1, 50-52 cm (76.5 mbsf) (Fig. F5A) .
Near the top of Subunit IIIA at 69.02 mbsf, the largest peak in magnetic susceptibility (160 × 10 -8 m 3 /kg) is measured in a clay sample (1.44% sand, 34.73% silt, and 63.83% clay; mean size = 8.7φ) character-
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ized by abundant sulfide stains (Sample 204-1247B-9H-5, 50-52 cm) (Fig. F5B) . The highest value of calcium carbonate (16.7 wt%) is found at 96.67 mbsf in a clay-rich sample (Sample 204-1248C-11H-2, 50-52 cm; mean size = 8.61φ) (Fig. F5C) . Turbidites are present as sandy silt layers with a textural distribution of 26.74% sand, 30% silt, and 43.26% clay with a mean size of 7.3φ and standard deviation of 2.7φ (e.g., Sample 204-1248C-12H-5, 50-52 cm; 112.12 mbsf) that correlate with a small peak in magnetic susceptibility (16.6 × 10 -8 m 3 /kg) (Fig. F5C) . Only a few centimeters above this sample depth, a temperature anomaly of -4.7°C was recorded by the infrared camera (Anomaly IR162) (Shipboard Scientific Party, 2003d). Seismic Horizon A was drilled at the three sites of the western flank of southern Hydrate Ridge. In Holes 1245B and 1248C, Horizon A corresponds to a series of volcanic glass-rich and ash sequences (Figs. F5A,  F5C) , whereas in Hole 1247B it corresponds to a clay clast-rich debris flow characterized by 0.76% sand, 33.35% silt, and 62.89% clay with a mean size of 8.7φ (Sample 204-1247B-21X-5, 50-52 cm; 160.41 mbsf), and is correlated with subdued reflectivity in the MCS data (Shipboard Scientific Party, 2003c) . In Hole 1245B, Horizon A spans all of Core 204-1275B-21X with a textural distribution of 24.16% sand, 56.54% silt, and 19.3% clay with a mean size of 6.2φ and skewness of 0.5 (Sample 204-1245B-21X-4, 50-52 cm; 181 mbsf) (Fig. F5A) . In Hole 1248C, Horizon A is characterized by a grain-size distribution of 11.35% sand, 63.67% silt, and 24.98% clay with a mean size of 6.75φ and skewness of 0.27 (Sample 204-1248C-14H-6, 47-49 cm; 130.72 mbsf) (Fig. F5C) . Both coarse-grained ash-rich layers are correlated with exceptionally low values in the magnetic susceptibility record (3.72 × 10 -8 and 1.8 × 10 -8 m 3 /kg for Sites 1245B and 1248C, respectively). From 5 to 20 m below Horizon A, a gravel-grained turbidite depicting a small peak in magnetic susceptibility is identified on the three west flank sites. This layer is characterized by 6.69% gravel, 4.69% sand, 34.75% silt, and 53.87% clay with a mean size of 7.24φ, standard deviation of 4.4φ, and skewness of -2.15 (Sample 204-1247B-23X-5, 102-104 cm; 180.13 mbsf) (Fig.  F5B) .
Regarding mineral composition, sediments from the west flank have similar components as those reported for Site 1244 on the east flank (Fig. F5D) . Slight fluctuations are observed in bulk mineralogy with the exception of a very modest increase in calcite content with depth. The smectite content, ranging between 10% and 20% in Unit I, increases in Units II and III to 50%. Below the BSR, the smectite content increases downcore, reaching as much as 60% in the middle part of Subunit IIIB (Fig. F5D) . Detrital mica content presents an opposite trend.
SUMMARY
Sediments from southern Hydrate Ridge show small fluctuation in grain-size distribution dominated by fine-grained (clay and silty clay) sequences locally interbedded with clayey silt to silty layers. Remarkable differences in sediment texture are only observed when specific intervals (Horizons A, B, and B′) are crossed. In general, sediments from southern Hydrate Ridge are fine grained characterized by an average mean size of 8.4φ. Statistical parameters indicate poorly sorted sediments with an average standard deviation of ~2φ and skewness of -0.08 corresponding to symmetrical curves. Calcium carbonate concentrations are generally low and range between 2.5 and 10 wt% (aver-E. GRÀCIA ET AL. DATA REPORT: SEDIMENT GRAIN-SIZE AND MINERALOLOGY, SITES 1244-1250 8 age = 6 wt%). High values as much as 25.9 wt% are associated with authigenic carbonates near the summit of southern Hydrate Ridge. Bulk and clay mineral composition does not present significant changes between the summit and the flanks of the southern Hydrate Ridge sites. The bulk mineralogy is dominated by clays (30%-60%), quartz (25%-40%), feldspars (10%-25%), and minor amounts of calcite, which is usually below 5%. In the uppermost sampled sediments (2.5-16 mbsf) as well as above the BSR on the summit and east flank of southern Hydrate Ridge, the calcite content is as much as 20%. The clay mineral associations are dominated by detrital mica (average = 50%) and minor amounts of smectites, kaolinite, and chlorite ranging from 10% to 30%. Some noticeable trends are recognized in the smectite content, which usually increases downhole and below the BSR.
The main identified lithofacies comprise hemipelagic sediments, turbidites and ash layers, and debris flow deposits. The existence of coarser-grained horizons such as the ash-rich Horizon A may have played an important role in gas migration and gas hydrate formation (Tréhu et al., 2004a) as coarser-grained deposits are characterized by different packing structures and have a higher permeability that allow gas migration.
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